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Abstract 
A semi-reduced (70 species, 210 reactions) and a skeletal (27 species, 29 reactions) 
chemical reaction mechanism for iso-octane are constructed from a semi-detailed iso-
octane mechanism (84 species, 412 reactions) of the Chalmers University of 
Technology in Sweden. The construction of the reduced mechanisms is performed by 
using reduction methods such as the quasi-steady-state assumption and the partial 
equilibrium assumption. The obtained reduced iso-octane mechanisms show, at the 
mentioned conditions, a perfect coherence with another more detailed iso-octane 
mechanism of ENSIC-CNRS (2411 reactions and 473 species) and the semi-detailed 
iso-octane mechanism of Chalmers. The validity of this mechanism with regard to the 
ignition delay is determined for several engine parameters adhering to HCCI conditions 
: inlet temperature (303-363 K), equivalence ratio (0.2-0.7) and compression ratio (10-
16). The ignition delay is found to be decreased by an increase in the inlet temperature, 
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a decrease in the equivalence ratio and an increase in the compression ratio. In order to 
validate the effects of the inlet temperature, compression ratio on the auto-ignition 
delay, experiments are performed on a CFR engine. A good agreement is obtained 
between experimental results and calculations.  
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1 Introduction 
Strategy of the automobile industry implies developing new engines functioning with a 
low equivalence ratio, lower fuel consumption and consequently reducing CO2, NOx 
and particulate emissions. Respecting the Euro IV emission norms in 2005 (Table 1), 
post-treatment (the catalytic oxidation, the NOx traps and the particulate traps) can be 
used. A new combustion process, named HCCI (Homogeneous Charged Compression 
Ignition), appears to be a good solution to respect the future Euro norms (Table 1). 
Using a premixed air-fuel mixture and a lean burn combustion process at lower 
temperatures , the HCCI combustion allows to obtain a higher thermal efficiency, low 
NOx emissions and low particulate-matter emissions [1] (Figure 1). Contrary to diesel 
combustion, where turbulence during flame diffusion is of great importance or gasoline 
combustion with a flame front propagation, the auto-ignition phenomenon in an HCCI 
engine is mainly controlled by chemical kinetics.  
Over recent years, a number of papers describe the auto-ignition for many compounds 
at lower temperatures (300 – 345 K) and higher pressures (0.53-14 bar) [2,3,4,5]. 
Currently, most of HCCI investigations use iso-octane as a fuel [6], due to the great 
interest to improve the efficiency of engines and to reduce their pollution. Iso-octane is 
a primary reference fuel for octane rating in spark ignition engines and has a cetane 
number of 15 when used in compression ignition engines [6].  
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Hydrocarbon ignition can occur in two significantly different stages [2,3,4], which 
depends on the initial temperature (for example during n-heptane and n-decane 
combustion at low temperatures [2,7]).  
At low initial temperature regimes (T < 700 K), during the first stage, fuel forms 
hydrocarbon radicals thanks to hydrogen abstraction. Then, these compounds could be 
isomerized or could react with O2 to form peroxides. During this first stage, temperature 
and pressure increase slightly. Figure 2 shows the general form of a cool flame [8].  
Then, the temperature continues to increase until reaching an intermediate temperature 
zone (700 – 1000 K) where small radicals such as HO2 are formed. The HO2 radicals 
react further with the fuel to form H2O2. Then OH, formed by the decomposition of 
H2O2, leads to the second stage combustion [9]. In this step, the OH radicals (far more 
important than other radicals formed from chain branching) consume the fuel (the cool 
flame ends), resulting into a sudden temperature rise (up to 3000 K or more, in case of a 
rich mixture) and pressure increase (the second stage begins). 
The first stage could be detected by studying the blue light, a characteristic color for the 
emission of HCHO* (Figure 2), formed during this step [10,11,12]. Depending on the 
fuel chemistry, in some cases at a given pressure and for some low initial temperature 
(lower than 750 K), the oxidation process slows down whereas the temperature 
increases. This is the main characteristic of the Negative Temperature Coefficient 
(NTC) regime (Figure 3). In this zone, the formation of HO2 radical becomes more 
important than the isomerisation reactions and the peroxide formations. HO2 radicals 
are more stable than OH. Moreover, the propagation reaction with HO2 is less 
exothermic than that with the OH radical [13]. Then, when the temperature is high 
enough for the OH reaction to become more important, the reaction rate increases with 
the temperature. 
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After this region, at higher inlet temperature (T>900 K), the ignition takes place in a 
single stage.  
In this paper the cool flame delay is taken as the ignition delay, corresponding to the 
maximum temperature sensitivity for Chemkin®. 
 
1.1 HCCI chemistry  
As is mentioned previously, the HCCI chemistry is mainly controlled by the chemical 
kinetics at lower temperatures that precede the auto-ignition. Indeed, the HCCI 
combustion process could be applied widely in engine applications if precise prediction 
of ignition timing for variable experimental conditions is involved. So it is important to 
understand the mechanisms that take place during the ignition delay. The first reactions 
that govern the combustion initiation, are listed in Table 2 (reactions 1 to 5).  
At low temperatures (T < 900 K) reaction 3 and 4 represent the main initiation reactions 
of the consumption of iso-octane. After the formation of octyl radicals (C8H17*), these 
react further forming several peroxide radicals (C8H17OO*) and eventually the 
hydroxyl radical OH* [14], via a sequence of reactions (reaction 6 to 11). These 
peroxide radicals and the hydroxyl radical play an important role in the oxidation 
process [7, 14], since the reactions concerning the formation of the peroxide radicals 
and hydroxyl radical release a great amount of energy (∆H varies from -110 to -130 
kJ/mole). Finally the hydroxyl radical consumes rapidly iso-octane (reaction 2), 
resulting into a rapid increase in the temperature and eventually the auto-ignition [2]. 
At higher temperatures (T > 900 K), however, reaction 1 promotes the combustion 
process. A decomposition into smaller radicals and olefins govern the main combustion 
process which is now a one-stage combustion [14,8]. According to the chosen kinetic 
scheme, the formed pentyl radical decomposes further into propene and an ethyl radical 
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releasing altogether a great amount of heat (∆H takes the value of about -130 kJ/mole) 
(reaction 12). 
 
1.2 Effects of physical parameters on the ignition delay 
When implying HCCI combustion, the major problem that appears, is the control of the 
ignition delay. Several physical parameters affect the quality of the HCCI combustion 
and the ignition delay: mixture homogeneity, inlet temperature of air and fuel, fuel 
composition, kinetics of the fuel oxidation at lower temperatures and thermal effects 
(heat exchange, thermal loss to the wall, EGR ratio mixture quality) [7,15,16,2,14]. A 
better understanding of the influence of these parameters on the ignition time is 
required, to have a more thorough knowledge of the HCCI combustion process and 
consequently of the application on an engine.  
The main parameters, studied the most in the literature [7,15,16,2,14], are the inlet 
temperature, the equivalence ratio and the compression ratio. In order to determine the 
influence on ignition delay, Ogink and Golovitchev [15] have performed calculations on 
varying the inlet temperature (600 K to 1400 K) and pressure (10 atm to 40 atm). For 
iso-octane they have determined that a higher initial pressure and inlet temperature 
result into a lower ignition delay. Soyhan and Mauss [16] have determined the influence 
of the inlet temperature on the ignition delay, but only at inlet temperatures higher than 
700 K. With respect to the influence of the inlet temperature on the ignition delay they 
have come to the same conclusion as Ogink and Golovitchev [15]. N-heptane, however, 
shows a different trend at inlet temperatures around the cool flame. As a consequence of 
the NTC, as explained before, an increase in the inlet temperature, causes an increase in 
the ignition delay. 
To predict satisfactorily the auto-ignition delay in an engine, the rate of heat release or 
emissions’ formation, it is necessary to use a realistic modelling of the chemical process 
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with a lower inlet temperature. Since a large number of intermediate species participate 
in a great number of elementary reactions during fuel oxidation, it is very difficult to 
add this entire mechanism in a Computational Fluid Dynamics (CFD) code. Therefore, 
it is necessary to reduce a detailed mechanism and to determine the validity of the 
reduced mechanism, prior to its utilization for predicting the aerodynamic effects in an 
engine cylinder using CFD codes such as Fluent or StarCD. 
This paper's main interest involves producing a reduced mechanism that predicts 
accurately the ignition delay and pressure curves for several equivalence ratios (0.2-
0.7), compression ratios (10-16) and air inlet temperatures (303-363 K). Specific engine 
parameters (cylinder capacity 611 cm
3
, initial pressure 1 atm and engine speed 600 rpm) 
are used. In addition to previous experiments [15, 16], very low temperatures are 
studied, since the goal of HCCI engines is to operate at lower temperatures [17]. 
In this paper, a description of the method used to reduce the iso-octane detailed 
chemical mechanism is presented and several effects of engine parameters (equivalence 
ratio, compression ratio and inlet temperature of the mixture) are investigated. A 
validation of these influences on a CFR engine is also presented. 
  
2 Reduction of the iso-octane mechanism 
This section describes the reduction methodology of the iso-octane mechanism [18]. 
This mechanism is developed and provided by the Chalmers University of Technology 
in Sweden, containing 412 reactions and 84 species. This mechanism has previously 
been validated successfully at the Chalmers University of Technology in a reactor 
between 10 and 40 bar [18]. Reduction is performed using Aurora, provided in the 
Chemkin collection 3.7 package. Even if the simulation of auto-ignition on an engine is 
performed at very low temperatures, the validity of this reduced mechanism has to be 
determined by simulating the ignition delay at inlet temperatures between 300 and 1300 
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K. The capability of this reduced mechanism and the accurate prediction of the ignition 
delay can be hereby determined with respect to the validated Chalmers mechanism. 
Furthermore, to check the validity of the Chalmers mechanism as well as the reduced 
mechanism, these are also compared with the more detailed mechanism (2411 reactions 
and 473 species), provided by the ENSIC-CNRS laboratory in Nancy (France) [19]. 
This last mechanism has been already validated successfully in a jet-stirred reactor at 
923 K under 1 bar [20].  
The reduction of the Chalmers mechanism is obtained by eliminating reactions in a 
manner to keep the same predictability as the initial Chalmers mechanism (the obtained 
model must be very accurate and only 5 % of fluctuations on the ignition delay is 
allowed. The reduction is performed using a method developed by Peters in 1987 
[8,21,22], which comprises several steps [16,22]. Firstly, using the analysis of the 
conversion rate of the reactant species, the redundant species were removed [23,8] from 
the Chalmers mechanism obtaining a semi-reduced mechanism with 210 reactions and 
70 species. Secondly, by introducing the quasi-steady-state assumption [21] and, 
thirdly, the partial equilibrium assumption [8]. The semi-reduced mechanism was 
further reduced, obtaining the skeletal mechanism of 29 reactions and 27 species. The 
quasi-steady-state assumption is a classical hypothesis in the domain of combustion 
chemistry. It consists of assuming an equilibrium between the production and 
consumption of certain intermediary species that are very reactive [8,23,22] (on 
calculating the rate constants), with a short lifetime [24] and in small quantities (due to 
the high reactivity). For example, a certain species’ concentration is very low [22] and 
constant due to the fact that it is produced very slowly and consumed very rapidly. Here 
this species can be eliminated and the two concerning reactions can be merged into one, 
hereby eliminating one [8]. The partial equilibrium assumption is also a classical 
hypothesis whereby an equilibrium is assumed between the reaction rates in the direct 
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and the inverse direction of certain reversible reactions that are very rapid [8,22]. This 
approach (or even just the quasi-steady-state assumption alone) proved to be successful 
for the construction of reduced chemical kinetic schemes [8, 23, 24, 21, 22] for the 
combustion of several hydrocarbons [16, 20]. The same method was used by Soyhan 
and Mauss [16] when they reduced their mechanism (for mixtures of iso-octane and n-
heptane) from 510 reactions and 74 species until 16 global reactions and 19 species with 
acceptable accuracy.  
After the reduction process and the optimization of the Arrhenius coefficients, a reduced 
mechanism, described in Table 3, containing 29 reactions and 27 species, is obtained 
with perfect accuracy on ignition delay compared to the Chalmers mechanism and the 
Nancy mechanism.  
 
3 Results and discussion 
3.1 Numerical validation of the reduced mechanisms with respect to the Chalmers 
and Nancy mechanism 
Before continuing with the reduced mechanism, it is necessary to validate this 
mechanism numerically. The validity of the skeletal and the intermediary mechanism is 
tested for several engine parameters on calculating the ignition delays using an HCCI 
internal-combustion engine-cylinder program in Chemkin, simulating a compression 
and expansion stroke in one cycle (the intake and exhaust stroke are not considered). 
Hereby the compression ratio, equivalence ratio and inlet temperature were varied, 
keeping the inlet pressure at 1 bar and the combustion adiabatic (Table 4). The obtained 
results are compared to the detailed Chalmers and Nancy mechanisms.  
Figure 4 shows that the complete iso-octane mechanism, obtained from Nancy, is in a 
good agreement (error less than 5%) with the Chalmers mechanism (and also the 
reduced mechanism of 29 reactions), below a temperature of 600 K. From 600 K up to 
H. Machrafi et al. 
 
1100 K the Nancy iso-octane mechanism is comparable with the Chalmers mechanism 
and the ignition time does not differ more than 10% from the Chalmers mechanism. 
Even though the two mechanisms differ considerably for inlet temperatures higher than 
1100 K, this is not regarded to be in our interest. Since the interests of this paper are 
related to conditions of an engine (inlet temperature engine: 300 K < T < 360 K), the 
reduced mechanism of 29 reactions and 27 species can be perfectly used for further 
calculations of the influence of equivalence ratio, inlet temperature and compression 
ratio on the ignition delay and will be introduced in a CFD code in the future. 
Figure 4 illustrates that at lower temperatures (T < 600 K) the semi-detailed and skeletal 
mechanisms predict the ignition time very well with regard to the Chalmers and Nancy 
mechanisms. At intermediate inlet temperatures (600 K < T < 750 K) the two reduced 
mechanisms predict the ignition time with acceptable accuracy (< 5 % error). At higher 
inlet temperatures (T > 750 K) the prediction of the ignition time by the semi-reduced 
mechanism with 210 reactions corresponds nicely with the Chalmers mechanism with 
regard to the trend. However, with regard to the Chalmers results of the ignition time, 
the semi-reduced mechanism with 210 reactions shows a relative error between 
approximately 5% and 40%, depending on the inlet temperature. The reduced 
mechanism, with 29 reactions, deviates significantly from the Chalmers mechanism at 
temperatures higher than 750 K (1000/T < 1,3 K
-1
). This is due to the fact that the 
reduction is done with the objective to simulate the ignition delay at lower inlet 
temperatures (300 < T < 750 K).  
Having determined the numerical validity of the reduced mechanism successfully in a 
wide range (300 K < T < 1100 K), some important parameters that influence the 
ignition delay will be determined at an inlet temperature regime that befits the range of 
an engine (300 K < T < 400 K). Simulations are made, determining the influence on the 
ignition delay of mechanical parameters – the inlet temperature (303 K – 363 K) and the 
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compression ratio (10 – 16) – and a chemical parameter – the equivalence ratio (0.2 – 
0.7). The ignition delays are calculated using Chemkin software (time when the 
maximum of sensitivity in temperature is obtained) and are expressed in Crank Angle 
Degrees, where 0 CAD signifies the combustion Top Dead Center (TDC). Therefore, 
the value obtained is usually negative. Note, that in this case the ignition delay is 
defined with respect to the TDC (an ignition delay of –5 CAD means that fuel auto-
ignites 5 CAD before TDC). 
 
3.2 Effects of the inlet temperature on auto-ignition delay 
Figure 5 shows that the overall reaction rate is higher at elevated temperatures, causing 
the ignition time to decrease. The same trend was observed by Ogink and Golovitchev 
[15] or Soyhan and Mauss [16] during the study of iso-octane combustion. Figure 5 
shows also for an equivalence ratio of 0.2 and 0.6 the comparison of the mechanism of 
29 reactions with the Chalmers mechanism. In this studied conditions, it is clear that 
both mechanisms correspond perfectly for different equivalence ratios at the lower inlet 
temperature regimes.  
 
3.3 Effects of the equivalence ratio on auto-ignition delay 
Figure 5 shows that the ignition time increases (slower combustion) with increasing 
equivalence ratio. According to the literature [7], two different temperature regimes are 
present in the iso-octane combustion and two different initial mechanisms prevail the 
outcome of the combustion initiation. Ogink [15] explains this phenomenon with 
respect to n-heptane and states that the mechanism of iso-octane is very similar. At inlet 
temperatures lower than 850 K, the first sequence that controls the combustion 
initiation, contains the reactions beginning with the oxidation of iso-octane, which 
produce peroxide radicals [10] and subsequently OH radicals after a series of reactions 
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[14]. Since this paper focuses on the low temperature regime (300 K < T < 400 K), this 
increase of ignition time with the equivalence ratio could be explained further regarding 
the mechanism at the lower temperature regime. In the lower inlet temperatures regime, 
a higher equivalence ratio, which provides less O2 for the iso-octane to react with, 
causes a lower overall reaction rate and thus a higher ignition delay. This is also 
observed by MacNamara and Simmie [25] who state that the ignition delay of the 
combustion of pyridine and pyrrole shows a negative oxygen concentration dependence.  
The combustion of methane [kim] shows the same observation as did the oxidation of 
propane [Aicghamailr]. So the overall reaction rate is primarily dependent on the 
concentration of O2 and not iso-octane.  
To illustrate the previous observations, as is shown in Figure 6, iso-octane is 
considerably consumed only just after the ignition time (respectively – 17.4 CAD and – 
12.0 CAD). In this figure, the concentrations are normalized with the total number of 
molecules introduced in the mixture whereas the heat exchange represents the emitted 
enthalpy during gaseous reactions. This shows the independency of the ignition time on 
iso-octane quantity. Figure 6 also shows that before the ignition time (after a sequence 
of rapid reactions, initiated from the reaction between iso-octane and oxygen) the 
peroxide radicals C8H17OO, C8H16OOH and C8H16OOHOO are formed. This means that 
the ignition delay is dependent on O2, since oxygen is responsible for the formation of 
the peroxides. The formation of the peroxide radicals are responsible for the energy 
release (and the pressure rise) and the OH production that consume the iso-octane. This 
means that at lower temperatures the overall reaction rate is governed by the initiation 
of the reaction between iso-octane and oxygen and also by the formation of peroxide 
radicals [7]. CH2O is being formed just before the ignition time, as a consequence of the 
cool flame as is shown by a slope modification on the pressure curve in Figure 6. This is 
also observed by Lewis and Von Elbe [10]. The numerical results obtained in this paper 
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contrast with some experimental results in the literature like the work of Flowers et al. 
[26], where an increase in the equivalence ratio resulted into a decrease in the ignition 
delay. Aichlmayr et al. also observed this contradiction in their work [27]. They 
explained this contradiction by performing adiabatic calculations. They state that the 
charges do not reach the same temperature following the adiabatic compression. 
Mixture specific heats increase with equivalence ratio. Consequently for equal 
compression ratios, a lean mixture will have a greater temperature following 
compression than a rich mixture, and therefore a shorter ignition time. The numerical 
results obtained in this paper should and will be completed by taking the heat losses into 
account. Heating by compression will probably be no longer an important factor when 
heat transfer correlations will be added to the modelling, hence obtaining results that are 
probably in the direction of what Flowers et al. obtained. 
Figure 7 illustrates the influence of the compression ratio on the ignition delay at an 
equivalence ratio of 0.4, using the mechanism of 29 reactions. By increasing the 
compression ratio, the ignition delay decreases. This was also observed by Aichlmayr et 
al. in a miniature free-piston HCCI engine [27] and also in a Diesel engine [28,29]. For 
a same equivalence ratio, a higher compression ratio causes a smaller end-volume in the 
cylinder before ignition, resulting in an overall higher concentration of all the species. 
This higher concentration causes the overall reaction rate to increase and thus the 
ignition delay to decrease. It is also shown that at a compression rate of 10 no ignition 
takes place at temperatures lower than 320 K. This implies that, after the Top Dead 
Center, when the pressure decreases, ignition is not possible, due to the fact that the 
overall reaction rate is too low. Furthermore, at a compression ratio of 10 and 16 the 
ignition times (Figure 7), calculated using the Chalmers mechanism, correspond 
perfectly to the simulated ignition delays using the mechanism of 29 reactions at lower 
inlet temperatures. 
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4 Experimental validation on a CFR engine 
To validate the performed calculations, experiments are performed on a CFR engine, 
using iso-octane as fuel. The mono-cylinder engine has a cylinder capacity of 611 cm
3
, 
an engine speed of 600 rpm, a variable compression ratio (4 until 13.5), a variable inlet 
temperature of the mixture (303 K until 363 K) and an inlet pressure of 1 bar.  
For a compression ratio of 9, for each studied equivalence ratio (0.25 until 0.60), iso-
octane does not ignite at the inlet conditions (temperatures between 303 K and 363 K, 
inlet pressure of 1 bar). At a compression ratio of 11.2, iso-octane ignites only 
temporarily for a short time at temperatures above 340 K, which means that 11.2 can be 
considered to be the Critical Compression Ratio (CCR) needed for iso-octane to auto-
ignite in these experimental conditions (equivalence ratio of 0.25, the smallest value 
obtainable in this engine). In these experimental conditions, the calculations show a 
CCR of 10 at temperatures below 320 K. This difference can be explained by the used 
mechanism, which does not take into account the heat losses to the wall and the inlet 
valve closing (10 CAD on this CFR engine). Curran et al. [30] find a CCR of 10.7 in a 
CFR engine at 500 rpm with an intake pressure of 1.2 bar and an inlet temperature of 
448 K. In view of these experimental conditions which do not differ much from the 
conditions used in this work, the CCR found by Curran et al. corresponds well with the 
CCR found in this paper. For a compression ratio of 13.2, Figure 8 shows that the trends 
of the experiments and the calculations are similar. There is, however, a deviation of 
approximately 10 CAD, which could be explained as for the other compression ratios, 
discussed previously.  
Since the experiments validate the mechanism, it can be considered realistic. Therefore, 
contour-maps of auto-ignition area for several inlet temperatures (300 K < T < 400 K), 
compression ratios (10-16) and equivalence ratios (0.2 and 0.7) can be deduced from the 
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modeling results Figure 9 and Figure 10. These contour-maps could be of great interest 
for optimization of engine parameters used in auto-ignition combustion (HCCI). 
 
5 Conclusion 
The semi-reduced (70 species, 210 reactions) and the skeletal (27 species, 29 reactions) 
chemical reaction mechanisms for iso-octane are constructed successfully from a 
detailed iso-octane mechanism (84 species, 412 reactions).  
For low inlet temperatures (T < 750 K) the simulations of the ignition times are in very 
good agreement with those obtained with the detailed Chalmers iso-octane mechanism. 
The reduced mechanisms are also in good agreement with the complete Nancy iso-
octane mechanism, but at inlet temperatures lower than 600 K.  
For HCCI purposes the reduced mechanism of 29 reactions shows perfect coherence 
with both Chalmers and Nancy iso-octane combustion mechanisms and can be perfectly 
used for future aerodynamics applications in CFD codes.  
Concerning the ignition delay it is shown that it decreased with  
- an increasing temperature,  
- a decreasing equivalence ratio 
- an increasing compression ratio.  
The temperature has the highest influence, whereas the equivalence ratio shows the 
smallest influence.  
The calculations are in good agreement with the experiments performed on the CFR 
engine. 
However, fuel composition can also play an important role in the ignition and its effects 
will be studied for several mixtures of iso-octane, n-heptane, toluene and/or alcohol. 
The species formed during combustion inside a cylinder will also be studied in the 
future to identify intermediary species, responsible for the auto-ignition phenomenon.  
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Gasoline Diesel Gasoline Diesel Gasoline Diesel Gasoline Diesel Diesel 
Euro II 
(1992) 
-- -- 2,20 1,00 0,50 0,90 -- -- 0,10 
Euro III 
(2000) 
0,20 -- 2,30 0,64 -- 0,56 0,15 0,50 0,05 
Euro IV 
(2005) 




In establishment  
Table 1: Evolution of EURO standards for automotive emissions 
Machrafi et al. 
 
 
Reactions A [mole-cm-s-K] b [-] E [kJ/mole] 
1 IC8H18 = IC3H7* + NEOC5H11* 2.00E+16 0.0 326.57 
2 IC8H18 + OH* = CC8H17* + H2O 2.48E+13 0.0 1.84 
3 IC8H18 + O2 = AC8H17* + HO2* 3.72E+13 0.0 205.15 
4 IC8H18 + O2 = DC8H17* + HO2* 2.51E+13 0.0 205.15 
5 IC8H18 + HO2* = CC8H17* + H2O2 2.02E+12 0.0 60.29 
6 DC8H17* + O2 = C8H17OO* 2.50E+19 -2.5 0.000 
7 C8H17OO* = C8H16OOH* 3.38E+12 0.0 119.32 
8 C8H16OOH* + O2 = C8H16OOHOO* 2.20E+19 -2.5 0.000 
9 C8H16OOHOO* = C8H15O4H2* 4.00E+12 0.0 119.32 
10 C8H15O4H2* = OH* + C7H14CHO(OOH) 2.00E+11 0.0 31.40 
11 C7H14CHO(OOH) = C6H13CO* + CH2O + OH* 2.05E+15 0.0 173.33 
12 NEOC5H11* = C3H6 + C2H5* 3.587E+16 -1.28 133.69 
Table 2 : Important reactions of iso-octane auto-ignition [18] 
Note: A, C and D represents several isomers of C8H17* radicals. 






b −××= exp  
   
 REACTIONS CONSIDERED A b E [kJ/mole] 
1. H2+O=>H+OH 1.82E+10 1.0 37.26 
2. H2O2+OH=H2O+HO2 1.00E+13 0.0 7.54 
 Reverse Arrhenius coefficients: 2.03E+13 0.0 146.04 
3. H2O+M=H+OH+M 2.19E+16 0.0 439.61 
 H2O Enhanced by 2.000E+01    
 H2O Enhanced by 2.100E+01    
 CO Enhanced by 2.000E+00    
 H2 Enhanced by 3.300E+00    
4. HO2+HO2=>H2O2+O2 5.78E+12 0.0 23.74 
5. H2O2(+M)=OH+OH(+M) 3.00E+14 0.0 203.06 
 Low pressure limit: 0.20000E+18 0.0 203.06 
 TROE centering coefficients: 0.1     1.0     0.1E+09    
 H2 Enhanced by 2.000E+00    
 H2O Enhanced by 1.200E+01    
 CO Enhanced by 1.900E+00    
 CO2 Enhanced by 3.200E+00    
6. CO+HO2=>CO2+OH 1.51E+14 0.0 99.02 
7. CO+O+M=CO2+M 5.89E+15 0.0 17.17 
8. CO2+O=CO+O2 2.75E+12 0.0 183.51 
 Reverse Arrhenius coefficients: 3.25E+11 0.0 153.53 
9. CH2O+O2+M=>H+CO+M+HO2 6.20E+16 0.0 154.91 
10. HCO+O2=>CO+HO2 3.98E+12 0.0 0.00 
11. CH2O+HO2=>HCO+H2O2 2.17E+11 0.0 33.49 
12. C2H5+O2=>C2H4+HO2 1.00E+12 0.0 20.93 
13. C2H4+H=>C2H3+H2 1.51E+07 2.0 25.12 
14. IC3H7+O2=>C3H6+HO2 1.00E+12 0.0 20.93 
15. C3H6+OH=>C2H5+CH2O 1.00E+12 0.0 0.00 
16. IC8H18+OH=>CC8H17+H2O 2.48E+13 0.0 1.84 
17. IC8H18+HO2=CC8H17+H2O2 2.02E+12 0.0 60.29 
18. CC8H17=>IC4H8+IC4H9 4.28E+12 0.0 115.56 
19. IC6H13=>IC3H7+C3H6 2.51E+13 0.0 118.07 
20. IC4H9+O2=>IC4H8+HO2 1.00E+12 0.0 20.93 
21. IC4H8+OH=>IC3H7+CH2O 1.51E+12 0.0 0.00 
22. C2H3+O2=>CH2O+HCO 3.98E+12 0.0 -1.05 
23. CC8H17+HO2=>IC6H13+C2H3+H2O2 2.00E+12 0.0 0.00 
24. CC8H17+O2=R2C8H17OO 2.50E+19 -2.5 0.00 
 Reverse Arrhenius coefficients: 1.79E+13 0.0 103.92 
25. IC8H18+O2+O2=>R2C8H17OO+HO2 2.10E+17 0.0 205.15 
26. R2C8H17OO=C8H16OOH 3.28E+12 0.0 119.32 
 Reverse Arrhenius coefficients: 1.80E+11 0.0 84.15 
27. C8H16OOH+O2=R2C8H16OOHOO 2.12E+19 -2.5 0.00 
 Reverse Arrhenius coefficients: 7.00E+12 0.0 91.19 
28. R2C8H16OOHOO=>OH+C7H14CHO(OOH) 4.80E+12 0.0 119.32 
29. C7H14CHO(OOH)=>CO+IC6H13+CH2O+OH 2.05E+15 0.0 173.33 
Table 3: The reduced mechanism of iso-octane with 29 reactions and 27 species 
from Chalmers scheme 
 
Machrafi et al. 
 
 
Engine parameter Value 
Engine speed 600 rpm 
Ratio connecting rod length to crank-arm radius 3.26 
Displacement volume 611 cm
3
 
Table 4 : Engine parameters 
Machrafi et al. 
 
Captions to illustrations: 
 
Figure 1 : NOx and particulate reduction at low temperatures with the HCCI method 
[17] 
Figure 2 : Cool flame of HCCI combustion [14] 
Figure 3 : Ignition delay times in stoichiometric n-heptane/air mixtures; negative 
temperature coefficients occur just below 1000 K [8] 
Figure 4 : Ignition delays as a function of inlet temperature at equivalence ratio of 0.6 
and compression ratio of 14. 
Figure 5 : Ignition delay as function of inlet temperature and equivalence ratio using 29 
reactions mechanism (unless otherwise specified) at a compression ratio of 16. 
Comparison between skeletal mechanism and Chalmers mechanism at an equivalence 
ratio of 0.2 and 0.7. Engine speed is 600 rpm. 
Figure 6 : Normalized concentrations of iso-octane and peroxides, cylinder pressure an 
heat exchange as function of time at Tinlet = 363 K and an equivalence ratio of 0.2 (up) 
and 0.7 (down). Engine speed is 600 rpm. Results obtained with the skeletal 
mechanism. 
Figure 7 : Ignition delay as a function of the compression ratio and the inlet 
temperature using a reduced mechanism of 29 reactions at an equivalence ratio of 0.4 
Engine speed is 600 rpm. 
Figure 8 : Validation of performed calculations by means of CFR experiments. 
Equivalence ratio = 0.262. Compression ratio = 13.2. Engine speed = 600 rpm. 
Figure 9 : Ignition delay in CAD as a function of inlet temperature and compression 
ratio at an equivalence ratio of 0.2. 
Figure 10 : Ignition delay in CAD as a function of inlet temperature and compression 
ratio at an equivalence ratio of 0.7. 
Machrafi et al. 
 
 
Figure 1: NOx and particulate reduction at low temperatures with the HCCI 
method [17] 
Machrafi et al. 
 
 
Figure 2 : Cool flame of HCCI combustion [14] 
Machrafi et al. 
 
 
Figure 3: Ignition delay times in stoichiometric n-heptane/air mixtures; negative 
temperature coefficients occur just below 1000 K [8] 
































 5 % error on autoignit ion delay obtained 
with Chalmers mechanism
 
Figure 4 : Ignition delays as a function of inlet temperature at equivalence ratio of 0.6 and 
compression ratio of 14.  
 




Figure 5 : Ignition delay as function of inlet temperature and equivalence ratio 
using 29 reactions mechanism (unless otherwise specified) at a compression ratio of 
16. Comparison between skeletal mechanism and Chalmers mechanism at an 
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Figure 6 : Normalized concentrations of iso-octane and peroxides, cylinder pressure 
an heat exchange as function of time at Tinlet = 363 K and an equivalence ratio of 0.2 



















































































Figure 7 : Ignition delay as a function of the compression ratio and the inlet 
temperature using a reduced mechanism of 29 reactions at an equivalence ratio of 
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Figure 8 : Validation of performed calculations by means of CFR experiments. 
Equivalence ratio = 0.262. Compression ratio = 13.2. Engine speed = 600 rpm. 
 
Machrafi et al. 
 
 
Figure 9: Ignition delay in CAD as a function of inlet temperature and 
compression ratio at an equivalence ratio of 0.2. 
Machrafi et al. 
 
 
Figure 10: Ignition delay in CAD as a function of inlet temperature and 
compression ratio at an equivalence ratio of 0.7. 
 
